Characterizing the distribution of entanglement in multi-partite systems is one of the most interesting topics on entanglement theory. Here we consider a linear monogamy relation between all bipartite partitions for a three-qubit system in terms of entanglement of formation (EoF). We also present the upper bound of the sum of all bipartite partitions for a three qubit pure state in terms of concurrence.
I. INTRODUCTION
Monogamy of entanglement is an interesting property that characterizes the distribution of entanglement, it presents that entanglement cannot be shareable arbitrarily among many parties, which is different from classical correlations [1] . If party A has strong correlation with party B such that |ψ AB = 1 √ 2 (|00 + |11 ), then the correlations between A and B cannot be shared by party C, that is, ρ ABC = |ψ AB ψ| ⊗ ρ C . This property has been applied on many tasks in quantum information, in particularly, it can be applied on the proof of the security of quantum cryptography [2] .
Mathematically, for a tripartite system A, B and C, the general monogamy in terms of an entanglement measure E implies that the entanglement between A and BC satisfies
This relation was first proved for qubit systems with respect to the squared concurrence [3, 4] . However, the inequality (1) is not valid with respect to all entanglement measure.
It is well known that the EoF E does not satisfy the inequality (1). Bai et al. showed that the squared EoF satisfies the inequality (1) for qubit systems [5] ; Zhu et al. showed that the monogamy relation is valid in terms of the α-th power of EoF when α ≥ √ 2 for qubit systems [6] ; Oliveira et al. considered a three-qubit system and numerically obtained a bound on E AB + E AC [7] ; in 2015, Liu et al. proved this bound analytically [8] . Moreover, Cornelio proposed an interesting monogamous representation for three-qubit systems [9] .
In this work, we consider the bound of E AB + E BC + E CA for a three-qubit system, then based on the relations between the EoF and the discord, we also get a similar bound for the discord. At last, we talk about the upper bound for a three qubit pure state in terms of concurrence.
This article is organized as follows. First we review preliminary knowledge needed. Then we prove our main results, based on the relation between the EoF and the discord, we can get a similar result for the sum of all bipartite quantum discord for a three-qubit pure state.
And we also talk about the upper bound for a three qubit pure state in terms of concurrence.
At last, we end with a conclusion.
II. PRELIMINARY KNOWLEDGE
A pure state |ψ AB can always be written as |ψ AB = √ λ i |ii with λ i ≥ 0 and λ i = 1 due to the Schmidt decomposition. The EoF of |ψ AB is given by
Here λ i are the eigenvalues of ρ A = Tr B |ψ AB ψ|. For a mixed state ρ AB , the EoF is defined by the convex roof method,
where the minimum takes over all the decompositions of ρ AB = i p i |φ i φ i | with p i ≥ 0 and
Another important entanglement measure is the concurrence C. The concurrence of a pure state |ψ AB is defined as
For a mixed state ρ AB , it is defined as
For a two-qubit mixed state ρ AB , Wootters derived an analytical formula [10] :
where
is the binary entropy and
, here the λ i are the eigenvalues of the matrix ρ AB (σ y ⊗ σ y )ρ * AB (σ y ⊗ σ y ) with nonincreasing order. Note that we denote f (x) = h(
below.
III. MAIN RESULTS
For a three-qubit pure state |ψ ABC , the pairwise correlations are described by the reduced density operators ρ AB , ρ BC and ρ CA . Oliveira et al. [7] numerically obtained a bound on
18819 by randomly sampling 10 6 uniformly distributed states which is much less than 2, they also considered a three-qubit pure state
and obtained E(ρ AB ) + E(ρ AC ) = 1.20175. Recently, Liu et al. [8] showed the upper bound E(ρ AB ) + E(ρ AC ) for a three-qubit pure state is 1.20175, there the authors also considered the upper bound of C(ρ AB ) + C(ρ AC ) for a three-qubit pure state is 1.4142. Here it is easily to see that both 1.20175 and 1.4142 are less than 2, which may be seen as another way to consider the problem on the distribution of entanglement.
In 2013, Cornelio [9] proposed a generalized monogamy relation involving multipartite concurrence, bipartite concurrence, that is, for a three-qubit pure state |ψ ABC , C
(|ψ ABC ) was defined by Mintert et al. [11] :
There the author presented counterexamples which showed this result cannot be generalized to n-qubit systems generally. Then it may be meaningful to consider the upper bound of E(ρ AB ) + E(ρ AC ) + E(ρ BC ) for a three-qubit system.
Afterwards we first consider the upper bound of E(ρ AB ) + E(ρ AC ) + E(ρ BC ) for a threequbit pure state |ψ ABC . Here we denote that
here we have x, y ∈ (0, c], g(x, y) = E(ρ AB ) + E(ρ AC ) + E(ρ BC ), then
from the equality (8), we see that when
then the above condition is the only case when the two equalities in (8) are 0. As f (x) is a monotonic function [12] , we have when
BC , E(ρ AB ) + E(ρ AC ) + E(ρ BC ) achieve the upper bound for a three-qubit pure state.
From [13] , we have that a three-qubit pure state |ψ ABC can be written in the generalized Schmidt decomposition:
here θ ∈ [0, π), l i ≥ 0, i = 0, 1, 2, 3, 4, 
We can generalize this result to the mixed state ρ ABC . Assume that {s h , |ψ h ABC } is a decomposition of ρ ABC , then we have
Here we assume that in the first equality, {p i , |φ i }, {q j , |θ j } and {r k , |ζ k } are the optimal decompositions of ρ AB , ρ AC and ρ BC in terms of the EoF correspondingly. The first equality is due to the definition of the EoF for the mixed states, the second inequality is due to the equality (12) , in the first inequality, assume {s h , |φ h } is a decomposition of ρ ABC ,
BC , Next we consider the case when E(ρ AB ) + E(ρ AC ) + E(ρ BC ) gets the upper bound, i.e.
(|000 + |101 + |110 ), it is easy to see when we take the operation σ x on the first partite, we get the W state
(|001 + |010 + |100 ). For the pure states in three qubit systems, Dür et al. [14] showed that there are two inequivalent kinds of genuinely entangled states, i.e. the W-class states and the GHZ-class states. However, as the entanglement of formation and the partial trace operation is continuous, the GHZ class pure states in the 2 ⊗ 2 ⊗ 2 system is dense [15] , this function cannot distinguish between the W class states and the GHZ class states. As the W class states |ψ are all LU equavilent to the following states:
where , E(ρ AB )+E(ρ AC )+E(ρ BC ) = 0, and as the GHZ class states is dense, the function E(ρ AB ) + E(ρ AC ) + E(ρ BC ) ranges over (0,1.65].
Here we recall an interesting result that there is a conservation law for distributed EoF and quantum discord [16] for a three-qubit pure state, 
here we propose a simple and interesting result, it tells us an upper bound of the sum of all bipartite quantum discord for a three-qubit pure state.
At last, we present the upper bound of C(ρ AB ) + C(ρ AC ) + C(ρ BC ) for a pure three-qubit state. From the equality (6), we denote E(x) = h(
), 
IV. CONCLUSION
In this article, we mainly consider the shareablility of the entanglement for a threequbit state in terms of the EoF. We present an upper bound on the sum of the EoF, E AB +E AC +E BC , this tells us that the entanglement cannot be shared freely for a three-qubit system. Then we generalize the relation to the sum of all the bipartite quantum discord for a three-qubit pure state. Finally, we present the upper bound of C(ρ AB ) + C(ρ AC ) + C(ρ BC )
for a pure state |ψ in 2 ⊗ 2 ⊗ 2 system. At last, we think this method can be generalized to consider the upper bound of the linear monogamy relation in terms of other bipartite entanglement measures for an n-qubit pure state.
